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ABSTRACT: We project medium to long term trends in labour force participation and 
employment for selected low-participation European Union countries (Italy, Spain, Ireland, 
Hungary and Greece), with Sweden as a benchmark, by means of a dynamic microsimulation 
model. By 2020, only Sweden will be above the Europe 2020 target of 75% employment rate, 
though Ireland will be close; the target will be approached by all other countries only at the end of 
the simulation period at 2050, with the exception of Hungary. Our forecasts, that fully take into 
account the uncertainty coming from the estimation of all the processes in the microsimulation, 
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significantly depart from the official projections of the European Commission for two of the six 
countries under analysis. 
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1 INTRODUCTION 
Population ageing presents immediate economic and social challenges for the European Union 
(EU), as well as for other developed countries and even developing nations such as China. 
Compared to 1970, an average EU citizen now lives about ten years longer and works ten years 
less.1 Furthermore, demographic change is accelerating: the old age dependency ratio (the ratio of 
people aged 65 years and over, to people aged 15-64 years), which is now below 30%, is expected 
to rise to approximately 50% by 2050.2  
 
This explains the emphasis that policy makers put on increasing labour force participation rates, in 
particular for women, who have historically exhibited lower rates of participation than their male 
counterparts. Indeed, over the last two decades, EU strategies have focused on fostering a higher 
participation of women in the labour market. However, without social and labour market policies 
that help reconciliation of work and family responsibilities, increased female participation may 
produce a decline in the total fertility rate (Kohler, Billari, & Ortega, 2002), as women postpone 
childbearing in order either to enter the workforce or to avoid putting their professional careers at 
risk. Of particular relevance are family support policies, such as childcare services (Blau, 2001; 
Berlinski & Galiani, 2007) and paid parental leave (Pronzato, 2009), and policies directed at 
increasing part-time work opportunities (Paull, 2008). Paid parental leave and childcare services 
decrease the cost of child-rearing and help parents reconcile work and family life; the availability 
of flexible working-time arrangements and in particular the possibility to work part-time helps 
women to combine market work with traditional family responsibilities. While childcare services 
have an unambiguous positive effect on participation, both long-term leave and part time jobs can 
have the effect of detaching women from the labour market, penalising their working career and 
reducing disposable income, further hampering their empowerment. It is therefore an empirical 
issue to determine whether and under what circumstances a positive or a negative overall effect 
prevails. 
 
The objective of this paper is to study the medium/long term implications for female participation 
and employment of demographic and behavioural dynamics as they are currently observed, with a 
focus on selected EU-Member States characterised by low female participation. Understanding 
these dynamics is instrumental to investigating the expected effects of different policies aimed at 
supporting better education, helping with family-work reconciliation, and delaying retirement. 
More specifically, we adopt Sweden as a benchmark, representative of the Nordic group of high 
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participation countries, and study Italy, Spain and Hungary from the “long leave - low cash 
benefits” group, Greece from the “limited assistance” group and Ireland from the “short leave - 
low cash benefits” group.3 
 
A recent surge in interest in the evolution of participation rates is related to the observed decline 
in U.S. labour force participation since the turn of the millennium (see Jacobs, 2015; Bullard, 2014; 
DiCecio, Engemann, Owyang, & Wheeler, 2008). While the focus of that literature has been mainly 
on participation rates for the (white) male population (Eberstadt, 2017), the methods used are the 
same we review in this paper. Hence, our suggestion to follow a microsimulation approach, which 
we substantiate in Section 4 below, can apply to that literature as well. Projecting the complex and 
intertwined dynamics forward in time is of course difficult. Most forecasting exercises, generally 
performed by governmental institutions at a national level, or by international organisations such 
as the International Labour Organization (ILO), OECD or the European Commission, focus 
therefore on only one aggregate outcome variable of interest (for example, female participation), 
assuming an exogenous evolution for its determinants. By contrast, in this paper we employ a 
dynamic microsimulation model (MSM) (Li & O’Donoghue, 2013), which challenges both 
assumptions underlying most official projection models (i) participation is estimated (and 
projected) at the individual level, and (ii) the model also evolves the determinants of participation, 
based on additional regression models estimated in the data. The advantage of the microsimulation 
approach is threefold. First, aggregation can be performed ex-post on any sub-population of 
interest. Second, by providing projections on a possibly large set of outcomes, dynamic 
microsimulations allow for a more comprehensive analysis of participation, and its complex 
relationship with other life course events. Third, by endogenizing the evolution of the determinants 
of participation, dynamic microsimulations allow for a more comprehensive quantification of the 
uncertainty surrounding the projections. We exploit these features by analysing education, 
household formation and dissolution, fertility decisions, labour force participation, employment 
outcomes, retirement decisions and ultimately death within the same model. Moreover, we provide 
projections for both men and women, starting from representative samples of the population in 
the base year, for each country. 
 
The structure of this paper is as follows. First, we present the background against which we 
implement our model; then we motivate the choice of the EU Member States that we analyse 
(Section 3) and present the main features of the dynamic microsimulation approach that we adopt, 
vis-à-vis other approaches (Section 4). Sections 5 and 6 are devoted respectively to describing the 
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model and our baseline parameterisation. Sources of uncertainty in the projections are discussed in 
Section 7, along with our approach to the issue. In Section 8 we discuss the long-term projections 
that the model generates, while in Section 9 we summarise and conclude. The paper is 
complemented by two appendices. Appendix A describes the MSM and the underlying estimates 
in more detail. Appendix B reports country tables for the baseline scenario of the MSM, which are 
referred to and discussed in the text.  
2 BACKGROUND AND POLICIES 
Female labour force participation has generally increased in European countries over the last 
decades, passing the 70% watershed in 2013 (70.6% in 2014) in the 20-64 years age group; however, 
the gap with respect to male participation remains large, above 12 percentage points (ppt). 
Although a convergence process seems to be under way, heterogeneity among EU countries is still 
high (Figure 1). This is reflected in employment rates: the EU28 average in 2014 for females in the 
20-64 years age group was only 63.5%, 11 ppt below the male employment rate (Figure 2). Only 
Sweden in 2014 had a female employment rate above 75%, thereby making a positive contribution 
towards the Europe 2020 target of an overall rate of 75%, unconditional on gender. 
 
Figure 1: Female participation rates (top panel) and gender participation gaps (bottom panel). Age group: 20-64. 
 
 
Source: Eurostat. 
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Figure 2: Female employment rates (top panel) and gender employment gaps (bottom panel). Age group: 20-64.  
 
 
Source: Eurostat. 
 
The European Commission (2000) proposed a Community framework strategy on gender equality 
for the period 2001-2005, which aimed, among other objectives, at strengthening the gender 
dimension in the European Employment Strategy. Equal employment opportunities and work-
family balance are pointed out as priorities. This was followed by the European Pact for Gender 
Equality and the Roadmap for equality between women and men 2006-2010, updated in the 
Strategy for equality between women and men 2010-2015 (European Council, 2006; European 
Commission, 2006, 2011). In these documents, the European Commission proposed concrete 
actions for addressing a number of issues such as economic independence of women and equality 
in decision making. The Europe 2020 Strategy, by acknowledging that “policies to promote gender 
equality will be needed to increase labour force participation thus adding to growth and social 
cohesion”, sets among its targets for 2020 an overall employment rate of 75% across the population 
(see European Commission, 2010, p. 17). Furthermore, in the Social Investment Package, the 
European Commission (2013) reaffirmed the importance of fostering higher participation of 
women. According to this document, gender gaps in employment rates, as well as other gender 
disparities in the labour market, need to be reduced or eliminated in order to decrease the risk of 
social exclusion and poverty for women and to achieve inclusive growth. Access to early childhood 
education and care needs to be improved to foster both female employment and children’s life 
opportunities. 
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In addition to fostering equality, enhancing women’s access to employment can sustain economic 
growth, especially when considering population ageing and the expected labour supply shortages 
across the EU. According to the Organisation for Economic Co-operation and Development 
(OECD) (2008, 2012), narrowing the gap between male and female employment rates has 
accounted for half of the increase in Europe’s overall employment rate and a quarter of annual 
economic growth since 1995. 
 
Notwithstanding the attention paid by policy makers, female labour force participation is still much 
lower than male participation and only slowly catching up in many countries. These differences are 
to some extent rooted in culture and social norms but they also reflect differences in the economic 
and demographic structure, as well as institutions and economic incentives. Figure 3 shows raw 
cross-country correlations between female participation rates and some key demographic and 
economic variables, at the EU level. Female participation appears to be only loosely related to 
population ageing, with if anything more participation in countries with an older population, and 
positively related to fertility rate, education, and the generosity of family policies. The large 
literature on the determinants of female labour force participation (see for instance Saurel-
Cubizolles et al., 1999; Bratti, Del Bono, & Vuri, 2005; Attanasio, Low, & Sanchez-Marcos, 2008; 
Genre, Gomez-Salvador, & Lamo, 2010; Cipollone & D’Ippoliti, 2011) has investigated these 
relationships in a multivariate setting, stressing the role of composition effects (for example female 
participation is higher, on average, in countries with an older population because the share of 
students is lower and because the share of mothers with young children is also lower) and reverse 
causation (for example women can better afford having children if they have a job). The complexity 
of the relationship between demography and labour force participation also points to a crucial role 
of policies. Thévenon (2011) performs a principal component analysis aimed at identifying the 
most important characteristics of family policy packages in OECD countries. He finds two main 
components: one related to support allowing parents to combine work with childcare, and another 
related to the generosity of leave entitlements in terms of money and duration. Across the range 
of these two components, he notes that countries adopt one of five broad categories of family 
policy, of which the ‘Nordic’ family package, based on continuous, strong support for working 
parents, seems to be the most effective in promoting gender equality and female labour force 
participation and employment. 
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Figure 3: Correlations between the female participation rate and key demographic and economic variables in the EU28 countries. Red dot: EU28 
average.  
  
 
 
Source: Our elaborations on Eurostat data for 2014 (2012 for family policies).  
Notes: Old age dependency rate defined as the ratio of population age 60 years and over, to population age 20-59 years. 
 
3 COUNTRY SELECTION 
We present long-term projections for a selection of EU Member States: Sweden (SE), Italy (IT), 
Spain (ES), Ireland (IE), Hungary (HU) and Greece (EL). Table 1 reports the participation sub-
index of the Gender Equality Index, computed by the European Institute for Gender Equality 
(2015) that considers both the gender gap, and the overall level of achievement. Sweden is the best 
performer, while the other countries included in our focus rank among the most problematic.4  
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Table 1: Gender Equality Index: Participation.  
Country Index  Country Index 
Sweden 94.7  France 75.0 
Denmark 85.3  Bulgaria 72.9 
Finland 85.3  Slovakia 72.3 
Estonia 83.6  Romania 71.8 
Latvia 80.8  Luxembourg 71.3 
Lithuania 79.8  Poland 71.1 
Cyprus 79.6  Ireland 69.8 
Portugal 78.4  Spain 69.5 
Slovenia 77.4  Hungary 67.5 
United Kingdom 77.4  Belgium 66.9 
Austria 77.0  Croatia 62.0 
Germany 75.9  Greece 59.5 
Netherlands 75.6  Italy 57.1 
Czech Republic 75.3  Malta 56.2 
Source: European Institute for Gender Equality (2015). 
Notes: The index ranges from 0 (maximum inequality) to 100 (maximum equality). Countries selected for analysis are in bold. 
 
We investigate the evolution of participation rates in the selected countries by means of a dynamic 
MSM. In dynamic microsimulations, each individual in a given initial population is evolved through 
time according to estimated transition probabilities. Different life course events are simulated (for 
example educational choices, entry in the labour market, household formation and dissolution, 
fertility, evolution of work careers, retirement, death) with specific MSMs having a focus on 
different dimensions (for example demography, work, family, etc.) and different subgroups of the 
population. This has an impact on model specification: for instance, if the focus is on the elderly, 
issues like retirement choices and disability must be considered in greater detail, while if the focus 
is on women in fertile years, the former processes can be more vague, while more attention needs 
to be paid to modelling household composition and its interaction with the working career of 
mothers. Because of its centrality in life, most MSMs have a labour participation/employment 
module: see Li and O’Donoghue (2013) for a review. Some are fairly complex models which require 
years and relatively large teams to build, and that could in theory provide projections on labour 
force participation with the required focus on the interaction between family choices and career. 
However, because they have a different primary interest (say, pensions), they do not provide 
published results on female labour force participation at early stages of the life cycle. Moreover, 
these large models are all country-specific, and exist only for a limited number of countries.  
 
To the best of our knowledge, the only MSM in the literature with a focus on female labour force 
participation and its interaction with family life in a European context is Richiardi and Poggi (2014), 
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estimated for Italy, which provides the basis for the model developed here. In addition to 
improvements in model specification, the new model presented here provides a first example of a 
multi-country dynamic microsimulation: the structure of the model is the same for all countries 
considered, and simulations only differ because of country-specific inputs, in terms of 
representative population samples, estimates and parameters. This feature allows us to obtain 
results for several countries which are directly comparable in terms of the assumptions and 
modelling choices made; moreover, it allows running “as if” scenarios, where inputs from one 
country are tested on a different country (we do so in our companion paper Richardson, Pacelli, & 
Richiardi, 2016). These benefits are achieved, without excessively complicating the model, by 
leaving two highly institution-dependent processes in the background: income determination and 
retirement decisions. While these processes are often the prime object of investigation in dynamic 
MSMs, our focus on labour force participation and employment, and in particular on participation 
decisions of women in childbearing years, permits us to treat them at a higher level of abstraction, 
without compromising the quality of the projections. On the other hand, issues such as household 
composition and its effects on labour force participation of mothers are considered in detail. 
Finally, the model can be interpreted as a first step towards a more general model for all EU 
member states, similarly to what EUROMOD (Sutherland & Figari, 2013) provides for tax-benefit 
microsimulations.5 In the next section we discuss in more details the pros and cons of the 
microsimulation approach with respect to what exists in the literature. 
4 METHODOLOGY 
Houriet-Segard and Pasteels (2011) offer a review of the main methods used by governmental 
institutions around the world to forecast participation rates. Aside from judgmental (or qualitative) 
methods and simple time extrapolations from historical aggregate data, the most common 
methodologies are either regression models based on the correlation between participation rates 
and demographic, economic, and institutional factors, or cohort models. 
 
According to the first approach, a regression model with a set of explanatory variables is fitted on 
observed (cross-sectional) labour force participation rates. Then, projections for the evolution of 
participation rates are made on the basis of scenarios for the future evolution of the explanatory 
variables, including demographic characteristics. According to the cohort model approach, future 
participation rates are predicted by estimating an age profile of the participation behaviour of the 
most recent cohorts, appropriately weighted to take into account the (exogenous) demographic 
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evolution. Because cohort models are also based on regressions, in what follows we refer to 
Houriet-Segard and Pasteels’s regression models as cross-sectional models.  
 
Cohort models are widely used at official agencies like the OECD and the European Commission: 
for instance, labour force projections in the 2015 Ageing Report are based on a cohort model 
(European Commission, 2014). In their basic form, cohort models analyse participation rates 
separately by age group and gender (see for instance Beaudry & Lemieux, 1999; Aaronson, Fallick, 
Figura, Pingle, & Wascher, 2006; Fallick & Pingle, 2007; Balleer, Gomez-Salvador, & Turunen, 
2009). Controls include only aggregate variables, where aggregation is specific to the different 
gender and age groups: typically, the share of individuals with high/low education, the share of 
individuals living in different types of households (for example with/without a partner, 
with/without children), the share of individuals with disabilities, measures of earning potentials 
such as the (age-specific) gender wage gap, measures of (average) household wealth, measures for 
business cycle effects, and proxies for the relevant welfare programs, such as the availability of 
childcare for women in childbearing years, and the fraction of individuals eligible for early 
retirement in older cohorts. Because each gender-age subgroup provides one unit of observation, 
the identification of the effects of each determinant can be obtained only by exploiting its variation 
over time. Time invariant cohort effects are also included. Aggregation over the different gender-
age categories is obtained by weighting the participation rates in each subgroup by the population 
size of that subgroup.  
 
Though cohort models are more sophisticated than cross-sectional models, they basically share 
common assumptions: (i) both modelling approaches are aggregate, meaning that the units of 
analysis are groups of individuals, and (ii) the evolution of the explanatory variables is external to 
the model. The difference lies in the level of aggregation, which in cohort models is taken down to 
individuals born broadly in the same period (typically, a 5-year or a 10-year window). Participation 
rates for different cohorts are then aggregated using population weights, while no weighting takes 
place in cross-sectional models. The results of the two approaches become similar once a full set 
of demographic characteristics is included among the covariates in cross-sectional models.  
 
This group-level analysis however suffers from what is known as “ecological fallacy” (Robinson, 
1950). The ecological fallacy arises when aggregate data are used to infer about the individual level 
parameters. Many investigators have shown that the aggregate and the individual-level coefficients 
seldom agree in either magnitude or direction. For instance, it is possible that the individual 
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probability to participate is higher for the majority of individuals in group A, but group B displays 
a higher aggregate participation rate.6 Also, a characteristic might negatively impact participation 
rate at the individual level but display a positive association at the aggregate level.7 Avoiding the 
ecological fallacy is important if one wants to learn about the channels through which the 
determinants of participation work. This is particularly important when it comes to evaluating or 
devising policies aimed at fostering participation.  
 
The most sophisticated cohort models get around the ecological fallacy problem by increasing the 
number of cells (individual characteristics), for instance taking into account differences in skills and 
family structure. As the number of conditioning variables increases, the approach converges to a 
microeconometric approach where the estimates are performed at the individual level. Still, the 
evolution of the weighting variables (for example skills and family structure) for the different 
groups/individuals is exogenous to the model.8 
 
This is the strategy used, for instance, by Aaronson, Davis, and Hu (2012) and Aaronson, et al. 
(2014), who estimate the probability of being in the labour force at the individual level, separately 
by gender and age groups in order to allow the cohort effects and other controls to flexibly vary 
across age, gender, and education. They control for age, year of birth (i.e. cohort), race, education, 
the business cycle, plus include additional conditioning variables for specific demographic groups, 
like the real state minimum wage and the ratio of the average youth hourly wage to average adult 
hourly wage for the younger age groups, indicators for being married with children and married 
with a young child for the middle age groups, and gender-specific life expectancies for the older 
age groups.  
 
As in the microeconometric approaches described above, in the dynamic microsimulation 
approach (Li & O’Donoghue, 2013) participation is also estimated (and projected) at the individual 
level. Indeed, the specification of the participation equation in a MSM can be identical to that of 
an individual-based, microeconometric cohort model. However, the latter are single-equation 
models, where the outcome of interest (say, the participation rate) is estimated on the basis of 
individual characteristics — to reiterate, these are just age and gender in the simplest macro-based 
models, while more individual controls are included in the most sophisticated micro-based models. 
These individual characteristics define the cells of interest. Aggregate participation rates are 
recovered as a weighted average of the participation rates in the different cells, using population 
shares as weights. These weights are then evolved over time based on external scenarios (for 
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example demographic projections). By contrast, in MSMs there are more equations, explaining the 
evolution, at a micro level, of more variables, including the demographic and economic variables 
used as controls in the participation equation. Hence, MSMs allow to project participation rates 
considering the likely evolution of their determinants, at a micro level.9 
 
In dynamic MSMs, each process is estimated at an individual level and feeds back into the other 
processes in the simulation. For instance, educational choices are simulated and predict, for every 
individual in the simulation, a level of education at any point in life. This level of education is then 
taken into account in the simulation of the (individual-specific) probability of entering a consensual 
union, participating in the labour market, etc. With K processes considered, the general form of a 
MSM is 
 yk,i,t = fk (y1,i,t-1, …, yk,i,t-1, …, yK,i,t-1; Xi,t, Pt)  (1) 
where the outcome yk for each process k is simulated for every individual i and time-step t based 
on the previous individual outcomes of all processes, additional individual characteristics Xi,t and 
scenario and policy parameters Pt.
10 
 
The advantage of the microsimulation approach is threefold. First, aggregation can be performed 
ex-post on any sub-population of interest (provided it can be identified using the variables included 
in the model). For instance, we could study the participation rate of mothers with at least one child 
aged three years old. In contrast, in a cohort model the analysis is restricted to the predefined cells 
(often, gender and age only). This advantage obviously fades away as the number of characteristics 
that are allowed to influence the participation rate (the number of cells) increases. Microsimulations 
are in this respect no different from micro-based cohort models. 
 
Second, and most important, the model provides projections on a possibly large set of outcomes, 
and not only on one variable. This is valuable even if we are interested in just one outcome y1 (say, 
labour force participation): the model produces conditional forecasts of y1 given the evolution of 
other determinants y2, …, yK, plus projections for the likely evolution of those determinants. In 
contrast, a cohort model provides projections for y1 under the assumption that all the variables 
which do not define groups remains constant, and conditional on external projections for the 
evolution of the variables that define groups (the weighting variables).  
 
INTERNATIONAL JOURNAL OF MICROSIMULATION (2018) 11(2) 5-51  18 
RICHARDSON, PACELLI, POGGI, RICHIARDI    Female Labour Force Projections Using Microsimulation for Six EU Countries 
The third advantage is a consequence of the multi-process nature of dynamic microsimulations and 
relates to uncertainty assessment. Microsimulations allow an integrated assessment of the 
uncertainty surrounding the projections, based on the uncertainty of the underlying estimates for 
all the different processes that compose the model. On the other hand, uncertainty of the 
projections, even in the most sophisticated cohort models, can only come from the uncertainty 
surrounding the estimates of the single equation (for example participation). As this is generally 
not considered, uncertainty assessment in this type of models often boils down to running multiple 
scenarios about the exogenous evolution of the weights attributed to the different cells, but the 
choice of these scenarios, and their likelihood, remains outside the scope of the model. 
Unfortunately, uncertainty analysis is also generally neglected in dynamic microsimulation 
modelling, so that the advantages of an integrated assessment remain unexploited. An explicit and 
formal assessment of the uncertainty around our baseline projections is an innovative feature of 
our analysis. We elaborate on this point in Section 7. 
 
Obviously, in the face of the benefits outlined above, there is a price to pay for the integrated 
microsimulation approach, in terms of (i) higher model complexity, and (ii) increased data 
requirements. If the sub-populations of interest are defined only in terms of exogenous variables 
such as gender and the age structure —considering, at a first approximation, the age structure as 
exogenous— the extra burden of a MSM might not be worth the costs. On the other hand, if the 
sub-populations of interest are defined in terms of clearly endogenous variables such as family 
composition, microsimulations offer a better and more comprehensive theoretical framework. 
5 THE MICROSIMULATION MODEL 
The MSM, based on Richiardi and Poggi (2014) and Leombruni and Richiardi (2006), receives as 
an input a representative sample of the population in each country, drawn from the 2012 wave of 
EU-SILC11 data —the last available wave at the time the model was implemented— plus the 
estimated coefficients and tables for the scenario parameters. The microsimulation is composed of 
four different modules: (i) Demography, (ii) Education, (iii) Household composition, and (iv) 
Labour market. Each module is in turn composed of different processes, or sub-modules as plotted 
in Figure 4 (more details on the specification of each module are given in Appendix A).  
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Figure 4: Model structure. 
 
 
The model simulates the following state variables of the individuals: age, gender, region, 
educational attainment, labour market status (student, employed, unemployed, retired or other 
inactive), cohabitation status (for females only) and number and age of children (for females only). 
Table 2 lists all the equations estimated in the model, identifying outcome variables and 
determinants (the estimates, together with filtering conditions, are reported in Appendix A). In 
choosing the specifications for the different equations, we looked at the ‘usual suspects’ identified 
in the literature (see Del Boca & Wetzels, 2007; and Boeri, Burda, & Kramarz, 2008 for surveys), 
while taking two considerations into account. First, specifications are kept as lean as possible in 
order to limit the number of non-significant coefficients, which would increase the variance in the 
simulated outcomes once the uncertainty of the coefficients is taken into account (more on this in 
Section 7). Second, specifications are general enough to adapt to the different country 
characteristics. The equations are estimated on the 2005-2011 waves of the EU-SILC longitudinal 
panel, the maximum number of waves available at the time. 
 
Causal relations can be highlighted as follows: the education module determines whether the 
individual continues as a full-time student or if s/he leaves education in t; this depends on age and 
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gender, that is, on demographic characteristics only. If s/he leaves education, the household 
composition module determines —for women only— whether they move to cohabitation and 
whether they have a child; this depends on status at t-1, education, age and on having children 
already. Finally, men and women enter the labour market module where they decide first if they 
participate and then if they are actually employed, conditional on their family composition, 
education, and status at t-1. Then they age and go back to the household composition module or 
to the education module, depending on whether they have left full-time education in the past or 
not. Everything is conditional on Region of residence. 
 
Inclusion of the lagged dependent variable in most processes is of course problematic: the effects 
of true persistence, as captured by the lagged status, are estimated with error (typically, over-
estimated) in presence of unobserved heterogeneity (UH), as discussed in Richiardi and Poggi 
(2014). Fully accounting for UH is however complicated, especially when the available data have a 
short longitudinal component, as in the EU-SILC. It is possible to show that including the lagged 
dependent variable, with high predictive power, and neglecting UH is optimal when one is 
interested in cross-sectional averages, as in our forecasting exercise —see Richiardi (2012). Clearly, 
using the MSM for analysing individual trajectories would require more caution in the treatment of 
UH, and possibly also the inclusion of more lags in the specification of the different processes. 
 
Individuals effectively enter the simulation at age 17, the first age observed in EU-SILC data. The 
initial population is then evolved forward in time from 2013 to 2050 according to the estimated 
coefficients and the scenario parameters. Time is discrete, with one period corresponding to one 
year: correspondingly, all models are discrete choice models (either probit or multinomial probit) 
with the outcome variable being the probability of occurrence of a given event/transition. In each 
period, agents first go through the Demographic module, which deals with evolving the population 
structure by age, gender and area, based on Eurostat official demographic projections. Then, 
individuals above an individual-specific age threshold retire. Retired individuals remain in the 
simulation until they die but nothing else happens to them, except the ageing process. As in 
Richiardi and Poggi (2014), alignment of the population to the official statistics is made by 
randomly removing individuals from their age-gender cell when the concentration of the cell is 
higher than in the demographic projections for the specific year, or randomly cloning individuals 
when the concentration is lower. Students enter the Education module. If they remain in education, 
nothing else happens to them until the next period. If they exit education, they join the ranks of 
potentially active individuals. Females enter the Household composition module, where it is 
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determined whether they form or remain in a union and whether they give birth to a child. Then, 
they join males in the Labour market module, where participation and employment are finally 
determined.  
 
Table 2: Determinants of the estimated processes at an individual level. 
Outcome Determinants 
Student age, gender, region 
Education  age, gender, region 
Consensual union (female 
only) 
age, student(t-1), education, participation(t-1), cohabitation(t-1), 
children(t-1), region, retired(t-1) 
Maternity (female only) 
 
age, student(t-1), education, participation(t-1), cohabitation(t-1), 
children(t-1), region, fertility rate, public childcare, maternity 
benefits, part-time rate 
Participation: women with 
children aged 0-3 inclusive 
 
age, student(t-1), education, participation(t-1), cohabitation(t-1), 
region, public childcare, maternity benefits, part-time rate, post-
crisis dummy 
Participation: women with 
children aged 4-12 inclusive 
age, student(t-1), education, participation(t-1), cohabitation(t-1), 
region, part-time rate, post-crisis dummy 
Participation: women 
without children aged 0-12 
inclusive 
age, student(t-1), education, participation(t-1), cohabitation(t-1), 
region, post-crisis dummy 
Participation: men age, student(t-1), education, participation(t-1), region, post-
crisis dummy 
Employment age, gender, student(t-1), education, participation(t-1), 
unemployment rate, region, post-crisis dummy 
Notes: Determinants annotated with (t-1) symbolise that the one-period (one year) lag is used. 
 
We now discuss the most important assumptions in the construction of the model, which, as in 
any model, is based on a number of simplifications.  
 
Education. Individuals never re-enter formal education once they have left it. This is clearly an 
oversimplifying assumption but is compensated by the fact that education levels are aligned to 
external projections (see Appendix A.3). This clear temporal distinction between time in education 
and adult life beyond formal education motivates the assumption that students do not enter the 
other modules of the simulation (though a flag for individuals who have just left education is 
present in all equations, see Table 2). Hence, students cannot marry, they cannot have children, 
and they cannot work, in the model. Testing these specification restrictions in the EU-SILC data 
is difficult, because EU-SILC data only record whether individuals are in education or not12, and 
not the number of hours per week spent in education, nor the type of the education course. 
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Moreover, apprentices are also considered to be in education. Therefore, many individuals show 
up as “in education” at later stages in life possibly because they are following on-the-job or minor 
training programs.  
 
Retirement. Given that the primary focus of the microsimulation exercise is not on the elderly, 
individual behaviour with respect to retirement decisions is kept as simple as possible, while 
preserving individual heterogeneity. When individuals first enter the simulation, they draw a 
percentile in the distribution of retirement age. This determines a time-specific individual threshold 
for retirement (the threshold follows the evolution over time of the average retirement age). In 
each year, individuals check whether their age is above their (time-specific) threshold: if this is the 
case, they retire. This approach allows to abstract from the details of the specific pension reforms 
implemented in each country and is motivated by the observation that the average age of retirement 
changes shows a high degree of persistence, as depicted in Figure 5a and Figure 5b (the within-
country variance remains substantially constant). 
 
Figure 5a: Average effective age of retirement – men. 
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Figure 6b: Average effective age of retirement – women. 
Source: Author’s computations on OECD data. 
 
Maternity. The probability of having a child is estimated around an overall fertility rate coming from 
the Eurostat demographic projections, and it is aligned ex-post so that, in aggregate, the official 
projections are met. This means that the total number of new-born children in each year is 
externally given, and that the microsimulation is used to distribute the births among women in 
fertile years, given their individual characteristics. The underlying assumption is that the 
microsimulation is not relied upon to provide demographic projections (it is not constructed to be 
a “good” demographic model at the aggregate level) but can accurately model heterogeneity in 
outcomes (it is a “good” demographic model at the micro level, i.e. a “good” model of differential 
fertility around a given exogenous trend). More details about the alignment algorithm used are 
given at the end of this section. 
 
Participation and employment. Labour market outcomes are modelled with a double hurdle approach: 
first we determine participation; then employment, given participation (Blundell, Ham, & Meghir, 
1987). The alternative is to have a discrete choice model of hours worked à la Aaberge, Dagsvik, 
and Strøm (1995) or van Soest (1995), where a set of possible choices are considered based on 
individual optimisation over leisure and consumption and zero hours are interpreted as non-
INTERNATIONAL JOURNAL OF MICROSIMULATION (2018) 11(2) 5-51  24 
RICHARDSON, PACELLI, POGGI, RICHIARDI    Female Labour Force Projections Using Microsimulation for Six EU Countries 
employment. On the other hand, modelling participation as a separate process allows to distinguish 
non-employment into unemployment and non-participation. 
 
Given that we do not have monetary variables (that is, wages, other forms of income, savings, and 
wealth) and we do not explicitly model consumption, there is little advantage of having a 
“structural” model explaining hours worked.13 Consequently, employment is a dichotomous 
variable in the model, although the average number of hours worked can be inferred, at an 
aggregate level, given the predicted employment rates and the assumed evolution of the share of 
part-timers. This latter variable is a scenario parameter, computed at an aggregate level over the 
whole working population, and catches not only the structure of labour demand by firms, but also 
preferences and a general attitude towards family-work life balance. The underlying assumption is 
that this variable is exogenous: the overall availability of part-time job opportunities in the economy 
affects the participation rates of female with children, but their participation decisions do not affect 
(have only a minor effect on) the overall share of part-timers, computed across genders, ages and 
family structures.  
 
Demand side (business cycle) constraints are taken into consideration by including the overall 
unemployment rate among the determinants of individual employment.14 This effectively makes 
the employment module a model of differential employment (analogous to the maternity module), 
where the overall unemployment rate is a scenario parameter and catches the interaction between 
supply and demand, which remains outside the scope of the model. The microsimulation then 
distributes employment among the active population, based on individual characteristics (see 
Appendix A).  
 
The model further assumes that demand side constraints do not affect participation at the extensive 
margin (that is the first hurdle). In reality, discouragement can take place and deter individual 
participation when work opportunities are limited; conversely, a tight labour market can attract 
new people into the labour force. The justification for not including demand side variables (for 
example the unemployment rate) into the participation equations is that at the aggregate level this 
would imply having a model of labour force participation that depends on unemployment, which 
in itself is defined conditional on being part of the labour force: the unemployment rate is an 
endogenous variable and including it would deteriorate the quality of the estimates of the other 
coefficients, and hinder interpretation. Distinguishing between the two hurdles, where the second 
hurdle is a model of differential employment over the business cycle and the first hurdle is a model 
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of participation that abstracts from business cycles considerations is a good compromise, given 
that the effects of labour market conditions at the extensive margin are known to be smaller than 
those at the intensive margin (Attanasio, Levell, Low, & Sánchez-Marcos, 2015).15  
 
For all processes where alignment is performed, we use a resampling procedure (Leombruni & 
Richiardi, 2006), where individual events are resampled using the estimated probabilities until the 
target is met. The occurrence of the event (either a 1 or a 0, for example whether an individual is 
studying or not) are first determined for all individuals in the population. The total is then 
computed and compared with the target. If the total is above the target (too many occurrences), 
individuals who were assigned a 1 are asked in random order to redraw their outcome, until the 
necessary number of switches from 1 to 0 is obtained. If the total is below the target (too few 
occurrences), a symmetric adjustment takes place, and individuals who were assigned a 0 are asked 
in random order to redraw their outcome, until the necessary number of switches from 0 to 1 is 
obtained. 
6 SCENARIO AND POLICY PARAMETERS, AND BASELINE SPECIFICATION 
The model has the following scenario and policy parameters (Table 3):  
Table 3: Scenario and model parameters. 
Scenario parameters Differentiated by* Modules affected 
Initial status at age 17 years gender and simulation time 17-year olds 
Persistence of the effects of 
the Great Recession simulation time Participation 
Overall unemployment rate  simulation time Employment 
Policy parameters Differentiated by* Modules affected 
Average retirement age gender and simulation time Retirement  
Standard deviation of 
retirement age gender and simulation time Retirement  
Public childcare expenditures 
region (NUTS 116) and 
simulation time 
Maternity 
Participation (females with 
children aged 3 years or under 
only) 
Leave benefits  simulation time 
Maternity 
Participation (females with 
children aged 3 years or under 
only) 
Availability of part-time work 
region (NUTS 1) and 
simulation time 
Maternity 
Participation (females with 
children only) 
* All parameters (not further distinguished by region) are also differentiated by countries. Simulation time runs from 2013 to 2050. 
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Initial status at age 17 years. These are the probabilities of being in a specific state at 17 years old, the 
age at which individuals enter the simulation. States are (i) student, (ii) active (given not a student), 
(iii) employed (given active). The probabilities of having different education levels, given that an 
individual has already left education, are also included. The probabilities are distinct for males and 
females. In all the scenarios considered the probabilities of being in a specific status at age 17 are 
kept constant throughout the simulation. 
 
Persistence of the effects of the Great Recession. This is a parameter which can vary between 0 and 1 over 
simulation time. A value of 1 means that the effects of the crisis on participation rates as detected 
in the years 2009-2011, on top of the other controls, are still fully deployed; a value of 0 means that 
they have completely faded away. This parameter assumes a value of 1 in the base year (effects of 
the crisis as observed in the data) and decreases linearly to 0 up to 2020 (2030 for Greece) in the 
baseline scenario. It is fixed at 0 afterwards (effects of the crisis completely absorbed). 
 
Overall unemployment rate. This is an alignment parameter that controls the overall unemployment 
rate in the simulated population. It is allowed to vary over simulation time. The parameter starts 
from the actual unemployment rate in the last year of observation, and it decreases linearly down 
to a pre-crisis level in 2020 (2030 for Greece) in the baseline scenario. 
 
Average retirement age. This parameter controls the location of the distribution of retirement age from 
which individuals draw their actual retirement age, and is primarily controlled by the institutional 
arrangements. It is distinct by gender and simulation time.  
 
This parameter is increased linearly, separately for men and women, from the values observed in 
the EU-SILC data to 70 years of age in 2050, for both males and females and in all scenarios. 
Hence, all countries are assumed to have an average retirement age of 70 in 2050, for both men 
and women. This should not be considered as a prediction, but rather as a benchmark. Estimates 
on the likely impact of the pension reforms implemented in recent years, as provided in the 2015 
Ageing Report (European Commission, 2015), point to lower average retirement ages. However, 
these estimates only consider the population in the 50-70 age bracket and are therefore bounded 
to be lower than 70 by definition. Moreover, they do not take into consideration the need for 
further reforms, which will likely arise in the forthcoming decades.  
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An alternative to our simplistic assumption is to extrapolate the trends in average retirement age 
observed in the data (see Figures 5a and b). However, the estimates are highly dependent on the 
initial year which is arbitrarily considered. Moreover, they are also highly heterogeneous, especially 
for females, reflecting different timing in the implementation of pension reforms in different 
countries. Extrapolating those trends into the medium/long-term future leads to very implausible 
predictions. On the other hand, the assumption that all countries will reach an average retirement 
age of 70 by 2050 implies that countries that are more distant from this target will experience a 
faster increase. This can be rationalised with higher pressure for reforms, as they might come from 
super-national authorities (the European Commission, the European Central Bank, the 
International Monetary Fund, etc.).17 
 
Standard deviation of retirement age. This parameter controls the width of the distribution of retirement 
age from which individuals draw their actual retirement age and is also primarily controlled by the 
institutional arrangements. It is in principle allowed to vary across genders and over time. However, 
since the within-country, within-gender standard deviations of retirement age, as observed in the 
EU-SILC data, vary only little, they are kept constant throughout the simulation at their average 
observed values, in all scenarios. 
 
Public childcare expenditures. This policy parameter is distinct by region and simulation time and is 
measured in USD in purchasing power parity (PPP) per child, as detailed in the OECD Family 
database. Benefits vary according to the age of the child. Therefore, the total amount of benefits is 
reconstructed for each family in the simulation based on the presence and age of children. These 
parameters affect the maternity and female labour force participation modules and are kept 
constant throughout the simulation: because there are no prices in the model, this is equivalent to 
assuming that they remain constant also in real terms. In the baseline scenario, their level is that 
reported in the OECD Family database. 
 
On leave benefits. This policy parameter is distinct by region and is measured in number of weeks of 
paid parental leave, as detailed in the OECD Family database. It affects the maternity and female 
labour force participation modules and it is distinct by country. Duration of paid parental leave is 
kept constant throughout the simulation. As a default (baseline scenario) it is set to the levels 
reported in the OECD Family database. 
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Part-time availability. This parameter refers to the overall proportion of part-time work, at a regional 
level. It is meant to reflect human resource management practices and incentives towards the use 
of part-time labour, in addition to social norms and family-work balance preferences. It is therefore 
only partially under the control of decision makers. Part-time rates are also kept constant 
throughout the simulation, in all scenarios, with a default value equal to that observed in the last 
year of the data. 
7 ASSESSMENT OF UNCERTAINTY 
Uncertainty regarding a model’s projections can arise from a variety of reasons (Bilcke, Beutels, 
Brisson, & Jit, 2011; Creedy, Kalb, & Kew, 2007). In particular, sources of uncertainty are generally 
distinguished in (i) input data, for instance due to sampling errors in the initial population, (ii) 
model structure, that is the validity of the general modelling approach used (also called 
“methodological uncertainty”), (iii) model specification, which concerns the choice of the 
covariates and the functional forms used, and in particular the crucial assumption that any regularity 
observed in the data will not break up in the future, (iv) model parameters, pointing to the 
imprecision of the estimates and/or externally provided parameters, and finally (v) Monte Carlo 
variation of the model output, which originates from the fact that the simulated aggregate quantities 
are also imprecise estimates of the theoretical aggregate quantities that the model implicitly defines. 
None of the above sources of uncertainty is generally considered in microsimulation studies, 
although this is recognised and criticised (see for instance Goedemé, Van den Bosch, Salanauskaite, 
& Verbist, 2013). However, “[t]he calculation of confidence intervals around model results that 
account for all sources of error remains a major challenge” (Mitton, Sutherland, & Weeks, 2000, p. 
4).18 
 
In our case, source (i) should be limited, due to the use of the sampling weights provided in the 
EU-SILC data. Sources (ii)-(iii) are left unexplored, and we make the common assumption that the 
model is well specified. Measures of fit for each estimated equation are reported in Appendix A, 
and they are generally appropriate. Monte Carlo variation of the model outcome (source v) can be 
brought down to negligible by appropriately scaling up the simulated population size.19 The 
remaining source of uncertainty that needs to be addressed is therefore parameter uncertainty, 
stemming from sampling errors in estimation (source iv). There are two approaches that can be 
used to deal with this uncertainty (Creedy et al., 2007). The first is what we might label “brute 
force” and prescribes to bootstrap the coefficients of the estimated equations from a multivariate 
normal distribution (in the case of probit or multinomial probit regressions) with mean equal to 
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the point estimate, and variance-covariance matrix equal to the estimated variance-covariance. 
Bootstrapping needs to be performed only once, at the beginning of the simulation: the entire 
simulation is then performed with the bootstrapped values of the coefficients. The second 
approach provides an approximation by assuming from the onset a normal distribution for the 
resulting confidence intervals, requiring many fewer draws from the parameter distribution. We 
follow the first approach and draw 1,000 sets of parameter values from their estimated multivariate 
distribution, for each country in the baseline scenario. Then, for every simulation time, we provide 
confidence intervals based on a kernel density estimation of the resulting distribution. The results, 
together with some additional remarks on the uncontrolled sources of uncertainty and the scope 
of the microsimulation exercise, will be presented in Section 8.3. Here, we only stress once again 
that the objective of dynamic microsimulation modelling is not forecasting per se, but rather the 
identification of the forces that are at work at the individual level, and the analysis of how these 
forces interact in shaping the particular societal outcome of interest. The projections should 
therefore be considered ceteris paribus exercises with respect to all the dynamics that are not 
explicitly modelled, and for which an assessment of the uncertainty must rely on external 
knowledge. 
8 RESULTS 
8.1 Overall trends 
In 2013, only Sweden had an overall employment rate above the Europe 2020 target of 75%. In 
our baseline scenario, employment rates are predicted to increase in all countries in the simulation 
period, due to (i) an increase in participation rates, (ii) a gradual recovery from the historically high 
unemployment rates observed at the beginning of the period, caused by the Great Recession.   
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Figure 7 depicts the projected employment rates for the population aged 20 to 64 years. By 2020, 
no other country will have reached the target, though Ireland will be close. According to the 
projections, the 75% target will be approached only at the end of the simulation period, by 2050, 
in all countries with the exception of Hungary, which appears to converge towards an employment 
rate around 71%. 
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Figure 7: Projected employment rates (20-64 years old), and target line at 75%. 
 
 
To gain an insight into these projections, Figure 7 reports the simulated participation rates (also 
called “activity” rates here) in four sub-populations of interests: (a) males aged 20-64 years, (b) 
females aged 20-64 years, (c) females aged 20-44 years (with or without children), and (d) females 
aged 20-44 years with children (between 0 and 12 years old). 
 
Figure 8: Projected labour force participation rates. 
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(c) Females (20-44 years old), not in education  (d) Females (20-44 years old) with children, not 
in education 
 
There is a general trend of increasing participation rates towards the very high Swedish levels, 
which accelerates in the 20-64 years old population (panels a-b) after 2030 when older cohorts are 
finally replaced by younger cohorts with higher participation rates (panels c-d). The only exception 
to this general pattern is Hungary, where participation rates of mothers are particularly low and, 
given the recent trends as observed in the EU-SILC data, are not projected to increase. 
 
This evolution of the labour force is reflected in the projections for employment rates, shown in 
Figure 8, where the sharp increase up to 2020 (2030 in Greece) is due to the hypothesis of a 
complete recovery from the Great Recession by that year. 
 
Figure 9: Projected employment rates. 
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8.2 Comparison with the 2015 Ageing Report 
These projections, obtained with the microsimulation model (MSM), can be contrasted with those 
of the 2015 Ageing Report (European Commission, 2015) derived from a cohort simulation model 
(CSM, see above). For a proper comparison, it should be taken into account that the forecasting 
horizon and the population at risk in the two models do not match perfectly. First, the Ageing 
Report offers projections for 2060, while we go as far as 2050: ceteris paribus, given the upward 
trends in participation, we would then expect higher figures for the Ageing Report.20 Second, the 
Ageing Report focuses on the 15-64 population, while we need to restrict to the 18-64 population, 
given that our estimates are based on EU-SILC data21: ceteris paribus, given the low participation 
rates of individuals aged 15-17, this censoring should drive our figures up. The net effect of these 
two forces is a priori unknown.  
 
Table 4 compares the participation rates predicted by the two models. When considering the larger 
age group, we find higher participation rates for Ireland and Italy (respectively 75% vs. 68%, and 
75% vs. 65%), while in the 55-64 age group we project a lower rate for Spain (77% vs. 86%), and 
a higher rate for Ireland (76% vs. 65%) and Sweden (95% vs. 79%).  
 
Table 4: Comparison of microsimulation model (MSM) outcomes with the projections of the cohort simulation model (CSM) of the 2015 Ageing 
Report (European Commission, 2015). Labour force participation (male and female population). 
Outcome Participation rate (%) Participation rate (%) 
Model Eurostat CSM MSM Eurostat CSM MSM 
Age group 15-64 15-64 18-64 55-64 55-64 55-64 
Time 2013 2060 2050 2013 2060 2050 
Greece (EL) 67.7 75.4 77.3 42.4 78.0 76.8 
Spain (ES) 74.2 78.9 79.3 54.2 82.5 76.9 
Hungary (HU) 64.7 73.0 72.8 41.8 77.5 75.1 
Ireland (IE) 69.7 68.2 75.2 57.3 64.6 77.5 
Italy (IT) 63.4 65.2 75.2 45.4 69.0 70.9 
Sweden (SE) 81.3 82.3 86.3 77.7 78.9 95.1 
 
The reader should evaluate the different projections on the basis of the assumptions of the two 
models. However, focusing on the larger age group, we point out that the CSM predicts a decrease 
in the participation rate in Ireland from the current level of about 70%, and only a very modest 
increase (from 63% to 65%) in Italy. This looks at least counter-intuitive. 
 
Table 5 compares the outcomes of the two models with respect to employment and unemployment 
rates, finding the same qualitative differences as discussed with respect to the participation rates.22 
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In particular, overall employment rate is predicted to be lower in Ireland and Italy by CSM; the 
employment rate of the elderly is predicted to be lower in Ireland and Sweden, higher in Spain, by 
CSM; the unemployment rate is more similar but for Ireland (higher) and Sweden (lower). 
 
Table 5: Comparison of microsimulation model (MSM) outcomes with the projections of the cohort simulation model (CSM) of the 2015 Ageing 
Report (European Commission, 2015). Employment and unemployment (male and female population). 
Outcome Employment rate (%) Employment rate (%) Unemployment rate (%) 
Model Eurostat CSM MSM Eurostat CSM MSM Eurostat CSM MSM 
Age group 15-64 15-64 18-64 55-64 55-64 55-64 15-64 15-64 18-64 
Time 2013 2060 2050 2013 2060 2050 2013 2060 2050 
Greece (EL) 48.7 69.8 69.6 35.5 74.6 73.8 28.0 7.5 9.9 
Spain (ES) 54.5 73.0 72.3 43.4 77.9 72.9 26.5 7.5 8.8 
Hungary (HU) 58.0 67.5 67.2 38.6 73.6 71.5 10.3 7.5 7.6 
Ireland (IE) 60.4 63.5 71.6 51.2 61.3 76.5 13.3 6.8 4.9 
Italy (IT) 55.5 60.3 69.7 42.8 66.7 69.5 12.4 7.5 7.3 
Sweden (SE) 74.6 77.4 80.0 73.7 76.0 92.1 8.2 5.9 7.4 
 
Table 6: Participation rates and participation gaps with respect to Sweden, female population aged 20-64 years, baseline scenario. 
  Females (20-64 years old) 
Year 2013 2020 2030 2040 2050 
  Participation rates (%) 
Sweden 86.4 88.3 89.6 89.4 89.7 
Spain 70.9 72.3 71.8 73.3 75.5 
Hungary 65.1 66.8 70.2 71.3 71.3 
Ireland 62.8 69.5 69.6 69.6 72 
Greece 62.4 64.1 67.1 70 73 
Italy 59.0 63.3 64.7 67 68.8 
  Participation gap w.r.t. Sweden (%) 
Spain 15.5 16.0 17.8 16.1 14.2 
Hungary 21.3 21.5 19.4 18.1 18.4 
Ireland 23.6 18.8 20.0 19.8 17.7 
Greece 24.0 24.2 22.5 19.4 16.7 
Italy 27.4 25.0 24.9 22.4 20.9 
 
More disaggregated results for each country are discussed below.  
8.3 Uncertainty analysis 
As for what concerns the assessment of the uncertainty around the estimates, this is not available 
for the CSM. On the other hand, Figure 9 reports a distributional analysis of the model outcome 
for the MSM, according to the methodology discussed in Section 7. Shades of grey are proportional 
to the estimated densities, while the 90% confidence band is also super-imposed. Overall, the 
uncertainty coming from sampling errors in estimation is small, except for Greece and Ireland 
(about 10 ppt in the final year of the simulation). This should not however boost our confidence 
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in the model results too much, as the assumption that no general equilibrium feedbacks will 
intervene to modify the regularities found in the estimation data becomes more and more 
unwarranted as we extend our out-of-sample projections into the future. Moreover, projections 
also abstract from unforeseen shocks, both at a micro-level (such as an unexpected surge in 
migration flows) and at a macro-level (such as the potential consequences of a breakdown of the 
Eurozone, or the shock waves caused by a hypothetical exit of a big member state, like the United 
Kingdom, from the EU), which also increase (in expectation) the uncertainty surrounding the 
model results as the forecasting horizon increases.  
 
Figure 9: Uncertainty analysis.  
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Notes: 1,000 simulation runs are performed for each country. Regression coefficients are drawn, for each run, from a multivariate normal distribution 
with the estimated mean and variance-covariance matrix. For each simulated year, a kernel density estimation of the distribution of the projections 
is performed. Shades of grey are proportional to the estimated densities. The 90% confidence band is also computed on the estimated densities. 
 
8.4 Country projections 
In this subsection we discuss country results in more detail. We begin with Sweden, our benchmark 
country; then consider the other countries in decreasing order of population size: Italy, Spain, 
Greece, Hungary and Ireland. We focus on the female population, and present projections for both 
the main determinants (education and family composition) and outcomes (labour market status). 
All tables for the country results are reported in Appendix B. 
 
8.4.1 Sweden 
We first look at the evolution of the main characteristics of the female population in the 20-64 
years age range. These are reported in Table B.1.1. Starting from the current high levels, the share 
of women with high education is expected to rise further, while the current gender participation 
gap (see Figure 1) is expected to close. The dynamics for employment closely follow those of 
participation, given the assumptions of the model (hence they are not reported in the table).  
 
When we focus on the 20-44 female population (Table B.1.2), no big changes are expected, which 
strengthen the case for Sweden as a benchmark country. Participation rates among the 20-44 years 
female population remain high and approximately similar also when disaggregating by region, 
education and family composition (Table B.1.3). In particular, there are few differences between 
the region with the highest participation rate (SE1, in 2013) and the region with the lowest rate 
(SE2, in 2013). Having children in Sweden does not place women at a disadvantage, as regards to 
participation (and employment). Also, only small differences are found between women with high 
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education, and women with low education. These results reflect the exceptional approach of the 
Nordic countries regarding family support combined with diversity efforts. It is common and 
viewed positively when both parents care for their children and, accordingly, the government as 
well as employers have institutionalised numerous work-life balance programs combined with 
incentives for young families (European Commission, 2013a). Part-time arrangements are well 
established in the Swedish business community as they go hand in hand with the extensive public 
benefits for young parents. Sweden was the first country to grant men and women equal access to 
paid parental leave in 1974. Parents are entitled to a total of 480 days paid leave per child, with 
both mothers and fathers entitled and encouraged to share the leave. This is paid at 80% of the 
salary (up to a ceiling) for 65 weeks, and at a flat rate for the remainder. However, because few 
men took parental leave, a non-transferable “daddy’s month” was introduced in 1995, extended to 
two months in 2002 (Addati, Cassirer, & Gilchrist, 2014). There are additional programs and 
incentives to promote a high quality of family life. Childcare access is universal and almost free of 
charge (Garcia-Moran, 2010). The result is that 51% of children under the age of three and 95% 
of children between three and school age were enrolled in formal childcare (European 
Commission, 2013b).  
 
Finally, we look at females in the 55-64 years age group (Table B.1.4). The high participation and 
employment rates of the elderly are the result of strong incentives to remain in the labour market 
at later ages, in terms of income tax credits and reduced employer contributions for workers aged 
65 and over (Eurofound, 2012). Here, again, no significant regional differences are found. 
However, in this age group education makes a difference, with approximately a 15 ppt gap in 
participation rates between high and low educated females. This gap is expected to shrink to about 
10 ppt by 2050.  
 
8.4.2 Italy 
Low female participation has always been a feature of the Italian labour market (Del Boca et al., 
2005). In particular, participation rates of mothers with young children are still very low (Del Boca, 
2003): more than a quarter of women leave the labour market after a birth (Bratti et al. 2005; 
Casadio, Lo Conte, & Neri, 2008). Italian women often do not participate in the labour market as 
their role in the family limits their possibilities to pursue a career (European Commission, 2013c). 
In fact, Italian women face a general cultural attitude against female labour force participation, a 
lack of part-time opportunities, a disproportionate share of the burden with respect to housework 
and child bearing within the family and an inadequate public childcare system. Concerning the 
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enrolment in full-time childcare facilities (30 hours or more per week), Italy ranks above the EU 
average for children from zero to three years of age (17% vs. 15%), as well as for children from 
three years to school age (75% vs. 47%, see European Commission, 2013d). However, the high 
cost of childcare services remains a problem. Moreover, the hours of childcare offered are typically 
incompatible with full-time jobs. As for what concerns children of school age, things do not 
improve much as school days often end in the mid-afternoon, much earlier than the end of full-
time workdays (Del Boca, 2002; Del Boca & Vuri, 2007). This helps explain why the overall labour 
market participation of women in Italy still remains one of the lowest in Europe, with only 57.2% 
of active women in the 20-64 years age group in 2013, despite an increase in recent years. On the 
other hand, male participation is in line with the EU average (83% in 2013). This translates into a 
large gender gap (26 ppt).  
 
In our baseline scenario, however, family policies and part-time opportunities are kept constant, so 
they do not explain the predicted increase in female participation, especially for younger cohorts, 
and the slight decrease in the gender gap, as shown in Figure 6. Our explanation points to another 
determinant of the low female participation rate in Italy, and how it interacts with family 
composition: low education. Italy has the lowest level of educational attainment among EU 
countries, and this affects female more than male labour force participation: the proportion of the 
population aged 30 to 34 with tertiary education in 2013 was 19% among males, and 29% among 
females, against an EU average of 34% and 42% respectively, and way behind the Europe 2020 
target of 40% (the national target is 26%). This educational gap is even bigger when considering 
the whole population, due to the weight of older cohorts with lower levels of education (Table 
B.2.1). On aggregate, educational attainments in the model follow the external forecast: they are 
projected to grow but will remain low with respect to the EU average. However, the model predicts 
a change in the behaviour of young women, partly as a consequence of delayed marriage (Table 
B.2.2) which will force single women to be more active. In particular, the participation rate among 
young women with low education, both with and without children, is expected to increase 
significantly, leading to an overall increase in the participation rate in the 20-44 age group (Table 
B.2.3). This however will not be sufficient to outweigh the behaviour of older cohorts, leading to 
an overall female participation rate in Italy that is expected to remain the lowest in the countries 
under investigation (Figure 6, panel b). Regional differences are also expected to remain large, 
notwithstanding a reduction in the gap between the highest and the lowest participation regions 
for younger cohorts (from 30 to 20 ppt, see Table B.2.3). Regional and educational differences in 
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female participation rates are on the other hand projected to remain almost unchanged in the older 
cohorts (55-64 age group, Table B.2.4). 
 
8.4.3 Spain 
For the last two decades, Spain has witnessed an increase in access of women to the labour market, 
achieving participation rates above the EU average. A substantial part of this increase concerns the 
rise in the labour force participation rate of mothers (Borra, 2010), and can be explained by an 
overall good level of family support, though this comes mainly in the form of child related benefits, 
while public childcare infrastructures for the age group from zero to three years old are still 
inadequate.23 This results in the common use of private childcare: over 20% of children under three 
and 50% of children between three and school age are enrolled full time (30 hours or more per 
week) in formal childcare (European Commission, 2012a). Moreover, Spain provides for 16 weeks 
of fully paid maternity leave around childbirth, conditional on previous work experience; there are 
also legal entitlements to paternity leave (four weeks, fully paid) which often help mothers to get 
back to work (Borra, 2010; Ibáñez, 2010).  
 
However, women still do not participate in the labour market to the same degree as men and the 
female participation rate is still low compared to that of northern European countries. In 2013, 
around 71% of Spanish women aged 20 to 64 were active, as opposed to 86% of Spanish men, 
resulting in a gender gap of 15 ppt. Participation rates are predicted to remain fairly constant in 
Spain until 2030, and then slightly increase (about three ppt both for males and females) between 
2030 and 2050 (see Figure 7, panels a-b, and Table B.3.1). Except for a decrease in the share of 
women living inside a union, which is common to all countries except Sweden and Ireland, the 
characteristics and behaviours of the Spanish population will not change much (see Tables B.3.1-
B.3.3 for the female population; similar dynamics also hold for the male population). Consequently, 
the predicted increase in participation rates is entirely explained by composition effects, and in 
particular by demographic change. In fact, participation rates of older age groups show a larger 
increase (see Table B.3.4 for females; a similar pattern is found for males), as the older cohorts exit 
working age and are replaced by new cohorts. 
 
8.4.4 Greece 
Projections are obviously impervious for Greece, a country battered by a harsh recession and 
unprecedented macroeconomic challenges. Still, it is interesting to analyse the long-run 
implications of the dynamics detected in the data, referring mostly to a period prior to the recession, 
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which provide an assessment of the potential of the Greek economy if the external macroeconomic 
constraints would be relaxed.  
 
Since the 1980s, the combination of more employment opportunities in the tertiary sector, more 
educational opportunities for women and the extension and improvement of public child and 
elderly care services have propelled the steady increase in female labour force participation in 
Greece (European Commission, 2012b; Bugra & Özkan, 2012). In particular during the 1990s, 
pregnancy, maternity and parental leave were guaranteed by law, childcare and elderly care facilities 
were expanded, and benefits and tax exemptions for families with children were implemented 
(Kanellopoulos & Mavromaras, 2002). Thus, to achieve their labour market objectives, Greek 
women acquired higher levels of formal education, delayed marriage and reduced childbearing, 
though to this day, full-time work is still often not possible without the help of other family 
members (Kanellopoulos & Mavromaras, 2002).24 Table B.4.2 shows that the trend towards 
delayed marriage and reduction in the number of children is likely to continue in the future.  
 
The unleashing of the dynamics analysed above has the potential to increase the participation rates 
of all segments of the Greek female population further, and in particular of mothers in childbearing 
age (Table B.4.3), though the projections have a higher degree of uncertainty than in the other 
countries analysed thus far (see Figure 8). However, regional and educational differences are 
expected to persist over time (Table B.4.3), while educational differences in participation rates for 
the elderly female population are likely to widen, due to a sharp increase in the attachment to the 
labour force of more educated women (Table B.4.4). This has to be evaluated taking into 
consideration that female labour force participation among elderly women in Greece is one of the 
lowest rates in Europe, with family reasons being cited as the most likely factor associated with 
inactivity. In fact, previous breaks in working life resulting in fewer career options later on, 
combined with lack of care facilities can push senior females out of the labour market to provide 
care for grandchildren or older family members.  
 
8.4.5 Hungary 
Hungarian women are more educated than men, on average, and do not face discriminatory legal 
restrictions when it comes to owning property, starting businesses or participating in the labour 
force (Gonzalez et al., 2015). However, women are significantly behind when it comes to 
employment and this situation is projected to persist over time (see Figure 7). One of the reasons 
is the strong negative effect of childbearing: in particular, women with children and a low education 
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have an extremely low attachment to the labour market (less than 45% for women with children 
aged 12 or under, see Table B.5.3).  
 
These low levels of participation originate from very strong disincentives to work for mothers with 
very small children (aged three or under). In this group, the participation rate was only 13% in 
2013, and was also very low among the highly educated (20% in 2013). In Hungary, work 
disincentives predominantly arise from the design of extended paid parental leave, in a context of 
a shortage of affordable childcare (Jenker, 2015). Parents can take up to three years of leave, and 
the overwhelming share of caregivers are women (Korintus & Gábos 2014). Benefits are entitled 
to mothers of young children staying at home: maternity leave and the insurance-based childcare 
benefit can only be taken until the child’s first birthday; and a mother receiving these benefits 
cannot work. Extended leave periods (beyond 24 months) tend to negatively impact female 
participation by weakening mothers’ attachment to the labour market and putting them at a 
disadvantage from a prospective employer’s point of view (European Commission, 2014b). This is 
particularly true for women with a low education, who tend to remain out of the labour force even 
when their children grow up. Finally, Hungary also has a significantly lower part-time rate for 
women than the EU average: women in Hungary tend to work full-time or not at all (European 
Commission, 2012c). 
 
As in Spain, but at a lower level of participation, activity rates by education and family composition 
are projected to remain fairly constant during all the simulation period (Tables B.5.2 and B.5.3). 
Most of the changes in the aggregate participation rates are therefore due to composition effects, 
arising from demographic change and a strong projected increase in the share of single women, 
due either to delayed marriage, widowhood or split (Tables B.5.1 and B.5.2). This is reflected in a 
projected increase in the participation rate of elderly women, as the older cohorts are replaced by 
new generations (Table B.5.4). 
 
8.4.6 Ireland 
Between 1998 and 2007 the female participation rate in Ireland increased sharply as result of strong 
economic growth, rapid labour market expansion and significant changes in a number of key policy 
areas (for example, extensions to maternity leave, the introduction of parental leave, 
individualisation of the tax system and the establishment of a national minimum wage). During this 
period, the gap between male and female employment rates has been closing bit by bit (Russell, 
McGinnity, Callan, & Keane, 2009). In the face of these changes, the 2008 recession led to a sharp 
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turnaround of the Irish economy. In just a few short years, Ireland passed from having the highest 
GDP and employment growth in Europe to being among the countries with the highest 
unemployment, emigration and debt levels (Barry & Conroy, 2013). Indeed, Irish employment rates 
among both men and women were above the EU average before the recession (surpassing the EU 
Lisbon employment targets) but they had fallen significantly below the EU average by 2012 (Barry 
& Conroy, 2013). 
 
Employment rates are expected to increase by approximately 10 ppt between 2013 and 2050, with 
most of the increase taking place before 2025 (Figure 6). The dynamics of employment (Figure 8) 
are stronger than those of participation (Figure 7), as they incorporate a complete recovery by 2020 
from the high unemployment rate observed at the beginning of the simulation period. However, 
the Europe 2020 target of a 75% employment rate in the 20 to 64 age group is likely to be 
approached only at the end of the period (the uncertainty around the estimates is however bigger 
for Ireland than any other country except Greece, see Figure 8).  
 
In Ireland, women in the family are expected to deliver care and support across a range of social 
needs such as caring for children and people who are long-term frail or with disabilities. Part time 
opportunities to reconcile work and family duties are higher compared to the EU average 
(European Commission, 2013c). However, female participation is constrained by many barriers 
such as the absence of decent and affordable childcare, afterschool care and elderly care, 
discrimination in the workplace, a poor provision of maternity leave, absence of parental leave and 
an expansion of low-paid atypical employment in the service sector (Barry & Conroy, 2013). Only 
11% of children between zero and three years of age receive 30 or more hours of childcare per 
week (the EU average in this age group is 15%), while 82% of children between three years old 
and school age are enrolled in formal childcare (European Commission, 2013d).  
 
Education is a key factor influencing female labour force participation in Ireland, especially in 
childbearing age (European Commission, 2013d). Higher educated women have greater 
participation rates in general, but the gap is larger for women with children (over 30 ppt, see Table 
B.6.3). This gap is expected to reduce, but only slightly (to approximately 25 ppt) during the 
forecasting period.  
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Similarly, the gap in participation rates between high and low educated females in the 55 to 64 years 
age group (Table B.6.4) is very large (almost 50 ppt) and is expected to shrink (by approximately 
10 ppt), though it will still remain high (about the same size of the gap in Italy, Spain and Hungary). 
9 SUMMARY AND CONCLUSIONS 
In this paper, we have presented a dynamic MSM of educational choices, household formation and 
labour market outcomes (participation and employment), that we have then applied to derive 
medium- and long-term projections for a selection of EU member states characterised by low 
labour force participation rates (Italy, Spain, Greece, Hungary and Ireland, in decreasing order of 
population), with a high-participation benchmark represented by Sweden. 
 
The microsimulation approach has several advantages over simpler and more common 
methodologies. Most importantly, it produces forecasts not only on the outcomes of interest 
(participation and employment in our case) but also on their determinants (for example educational 
attainments, household composition). Related to this, it allows a more comprehensive assessment 
of the uncertainty around the projections, given that the evolution of the determinants is 
endogenous to the model rather than being exogenously provided, though this is very rarely done 
in microsimulation modelling. Finally, having the individual rather than a group of individuals as 
the basic unit of analysis allows to study the dynamics of any sub-population of interest (provided 
it can be identified using the variables included in the model), rather than being constrained by an 
ex ante choice of a (generally limited) set of characteristics.  
 
From a methodological perspective, two features of our study are noteworthy. First, the model is, 
to the best of our knowledge, the first dynamic microsimulation exercised to be applied 
simultaneously to a number of different countries, providing homogenous results which can be 
directly compared. Second, we offer a thorough discussion of the uncertainty surrounding our 
projections, quantifying both the sample size required to keep Monte Carlo variation sufficiently 
low, and the effects of sampling errors in the estimation of the underlying equations.  
 
Results of the baseline scenario identify a general trend of increasing participation rates towards 
the very high Swedish levels, which accelerates in the 20-64 population after 2030 when older 
cohorts are finally replaced by younger cohorts with higher participation rates. The only exception 
to this general pattern is Hungary, where participation rates of mothers are particularly low and, 
given the recent trends as observed in the EU-SILC data, are not projected to increase. However, 
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Sweden will not be joined by any other country in our sample in meeting the Europe 2020 target 
of a 75% overall employment rate by 2020, though Ireland will be close. According to the 
projections, the 75% target will be approached only at the end of the simulation period, by 2050, 
in all countries with the exception of Hungary, whose employment rate is projected to increase 
only to slightly more than 70%. 
 
These projections are not too dissimilar from other forecasting exercises in the literature. In 
particular, we reach the same conclusions of the 2015 Ageing Report (European Commission, 
2015), in the aggregate, with respect to Greece, Spain and Hungary, while we are less pessimistic 
than the 2015 Ageing Report with regards to Italy and Ireland. However, our microsimulation 
approach permits a finer disaggregation of the results, which turns out to be crucial in 
understanding the dynamic causal mechanisms at work, as explored further in our companion 
paper (Richardson et al., 2016). 
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1 Life expectancy is up approximately from 70 to 80 years, mean years of education is up approximately from 6 to 11, and retirement age is down 
approximately from 68 to 63. Figures are approximate as historical data are not available for a number of EU28 Member States. We computed 
approximate averages based on the available data. Source: Eurostat, OECD, United Nations. 
2 Eurostat projections. 
3 The rationale for country selection is described in more detail in Section 3. 
4 The low ranking of Belgium might look surprising at first. Belgium has a relatively moderate gender gap (11.1 ppt in 2014, computed on the whole 
population, against an EU28 average of 13.1 ppt) but is penalised by its overall low participation rates (53.5%, against an EU28 average of 64.9%). 
Source: OECD. 
5 Tax-benefit microsimulations are also called static microsimulations because they provide only estimates of the “day-after” effects of given policy 
changes (typically incorporating labour supply behavioural responses), for a fixed population. In contrast, dynamic microsimulations take into 
account demographic change, and focus on long-run dynamics. 
6 Suppose there are 1000 individuals in each group. 800 individuals in group A have a probability to participate of 50%, while the remaining 200 
individuals have a probability to participate of 0. In group B, 800 individuals have a probability of 40%, and 200 individuals have a probability of 
100%. Individuals in group A are more likely to participate than individuals in group B; however, the participation rate is higher in group B (52% 
versus 40%). 
7 As an example, individual wealth might have a negative impact on participation, but aggregate wealth could affect participation even after 
controlling for individual wealth. This could happen for instance if people are trying to “keep up with the Joneses”, reacting to relative wealth. If 
the distribution of wealth is skewed enough, a positive association between wealth and the participation rate would be detected, at the aggregate 
level. 
8 In these more sophisticated models, the estimation of behavioural responses, where the number of hours worked depends for instance on the tax 
and benefit system as in Dolls, Doorley, Schneider, and Sommer. (2013), allows to evaluate the effects of proposed policy changes. However, the 
results still depend on the assumption that the evolution of the weighting variables (for example skills and family structure) is not affected by the 
policy changes. 
9 For a more in-depth comparison of the different projection approaches, see Comas-Herrera, Wittenberg, and Pickard (2004). 
10 Some (or all) processes may be cast in continuous time (i.e. be specified in terms of duration models). This does not impinge on the general representation 
of Equation 1, as all continuous-time processes map unambiguously into a discrete-time representation (but not vice versa). 
11 2011 for Ireland. 
12 variable PE010. 
13 These are common in static tax-benefit microsimulation models, which focus on the behavioural responses of labour supply to a change in the 
gross-net income conversion (that is, the tax and benefit system) at the extensive (that is, participation) and intensive (that is, hours worked) margins.  
14 This is a reduced-form approach to modelling demand-supply interaction. For a more structural approach, which requires modelling wages and 
is outside the scope of the present model, see Peichl and Siegloch (2013), or Lichter, Siegloch, and Peichl (2014). 
15 We acknowledge that the demand side of the labour market is crucial in the evolution of participation and employment rates, and that here we 
impose a shortcut to deal with it. A full-blown module of labour demand is beyond the scope of the present work but is high on our agenda for 
future developments of the model.  
16 first-level ‘Nomenclature of Territorial Units for Statistics’, a geocode standard for referencing the administrative divisions of countries for 
statistical purposes, developed by the EU. 
17 Indeed, the expected effects of the reforms already implemented are stronger in countries with current lower average retirement age, such as 
Greece and Hungary (see Figure 4). 
18 An even greater lack of attention to the issue is found in cohort models — see for instance the projections contained in the 2015 Ageing Report 
(European Commission, 2015). 
19 In all simulation runs we chose an initial population of 100,000 individuals (coming from the last available wave of EU-SILC data, appropriately 
over-sampled), which, given the distribution of the characteristics in the subgroups of interests, guarantees that the uncertainty stemming from 
Monte Carlo variation in the simulated data is tiny (generally a fraction of a percentage point). To see this, assume that the probability of the event 
(participation) for an individual with characteristics X is p. As predicted by the Central Limit Theorem, the simulated probability ?̂? is approximately 
normally distributed in sufficiently large populations. We can thus construct a confidence interval for ?̂? using ME = z*SE, where ME is the margin 
of error, z is the z-score (for example, 1.65 for a 90% confidence interval, 1.96 for a 95% confidence interval, 2.58 for a 99% confidence interval) 
and SE is the standard error of the estimator. In the case of a proportion or probability, we have 𝑆𝐸 = √
?̂?(1−?̂?)
𝑁
, and therefore 𝑀𝐸 = 𝑧√
?̂?(1−?̂?)
𝑁
. 
Solving for N gives 
 𝑁∗ = (
𝑧
𝑀𝐸
)
2
?̂?(1 − ?̂?) (2) 
This is the minimum population size that allows the confidence interval to be as tight as required. Suppose we set ME to 0.005 (a confidence interval 
of 1 percentage point) and we require a 95% confidence interval, with ?̂? = 0.5 we get N* = 38.416. With ?̂? = 0.05 we have N* = 7,299. In our 
simulations we have typically more than 1,000 individuals for each year cohort, approximately equally split between men and women. As our focus 
is on large groups (for example women aged 20-64), comprising tens of thousands of simulated individuals, sample size is not going to be an issue: 
if we ran 1,000 different simulations with the same estimated coefficients we would get very similar aggregate participation rates. This can also be 
seen by the smoothness of the projected series. 
20 Pushing our estimates 10 years further, till 2060, would make our forecasts less reliable, as discussed in the text. Given that the focus of the paper 
is not the comparison with the Ageing Report, but it is more methodological, making the estimates less reliable would hamper the main goal of the 
paper.  
21 EU-SILC is limited to individuals aged 17 years and over. Individuals enter the simulation at age 17 years, but then are immediately aged. Given 
that the statistics are collected at the end of each simulation period, we get information only on individuals aged 18 years and over. 
22 The unemployment rate is a scenario parameter in the microsimulation model. Note that the projections in column 3 refer to the 18-64 population 
and are therefore lower than those depicted in Figures 5a and b that refer, as the Europe 2020 target, to the 20-64 population. 
23 As a consequence of the economic crisis, government–funded support for families has become more restrictive in recent years. 
24 Only 5.0% of all children younger than three years receive childcare for more than 30 hours a week, compared to a European average of 14%, 
and only 22% of Greek children between three years old and school age attend childcare for 30 hours or more, compared to a European average of 
45% (European Commission, 2012b). 
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